ABSTRACT
INTRODUCTION
Fuel servo-valve is a servo valve for fuel control, which can convert the micro current signal to larger power signal and export it. It is an important component of fuel servo control system. Because of different referential current, there are multiple performance for fuel servo-valve. Generally, the output current of fuel servo-valve would stabilize within a certain range with the same referential current. But as storage time adds, the output current will gradually increase or decrease for the same referential current. If this value goes beyond a certain range, the fuel servo-valve would fail. Therefore, we regard the difference between before and after storage for the output signal as degradation data.
Research on the reliability of the fuel servo-valve gradually appears in recent years. In 2012, Liu Xinling et al. proposed the fracture characteristics and mechanism about bourdon spring of electrohydraulic servo valve [2] . In 2014, Feng Wei et al. analyze the mechanism and effect causes of the servo valve jammed failure through the foreign matter analysis, mass loss analysis, mix oil test analysis and so on multi-source searching method [1] . In 2015, Li Lei et al. developed a kind of effective electro-hydraulic servo valve fault intelligent diagnosis method to diagnosis the electro-hydraulic servo valve with great accuracy [3] . On this basis, Liu Chun Yan [4] , Wang Qiaoyun et al. [5] carried out studies on it. All these studies are research on the reliability of the fuel servo-valve in the aspect of failure mechanism.
In 2016, Chu Yuanbo et al. proposed a new dynamic reliability modeling and simulation method of servo valve's reliability assessment [8] . J. Wang et al. [9] and M. Xu et al. [10] modeling via the degradation data to analysis reliability of servo valve. However, reliability reasearch directed against of the performance degradation data for fuel servo-valve has not yet appeared. Therefore in this paper, we study this question in details. The fuel servo-valve have the characteristics of highreliability and long-lifetime in recent years. In view of this, researchers generally establish the degradation model using degradation data. Then evaluate the reliability of the product. This is also a common method for estimating the reliability of high reliability and long life products [6] . Since the performance degradation data of the fuel servo-valve is destructive data, each product corresponds only one degradation quantity data. Because of individual difference between products, the initial value of the performance have dispersion. So at modeling time, we should consider it. In this paper, we assume that the initial value is a random variable which obey normal distribution and build a performance degradation model. Then we perform reliability analysis referred to the reliability model of Xun Xiao et al [7] . In this way, fuel servo-valve's life can be effectively predicted.
METHOD INTRODUCTION

Create a Degradation Model
With the literature [11] . According to the related description from introduction, we regard the initial degradation level as Z. To consider the influence of the scatter for every parameter, we assume Z subjected
. We assume that the measuring value of degradation data at time t i (i =1,2,3,...,n) is i X . According to the nature of wiener Let's take lnL's partial respect to µ,σ 2 ,θ,ε 2 and let it equal to 0. This can estimate the value of parameters by MLE ( maximum likelihood estimation).
Due to scale transformation, we can obtain many difference degratation model at different ( ) t Λ . To choose the optimal goodness of fit model, we calculate
. then choose the model with the least value to calculate.
Life prediction
Combing the performance degradation model in section 2.1 with the failure threshold of fuel servo-valve, we can estimate the reliability of the product. Normally, there are both upper bound and lower bound on the failure threshold. So we should judge the trend of degradation data at first to decide which bound to use.
When performing degradation data analysis, researchers generally define failure time T as the time that X(t) is equal to the failure threshold l. It can be expressed as
With the help of theory in [7] , when X(0)=z0 ≥ l, the product failed at time 0. The probability can be expressed as
When X(0) = z0 < l, the failure time T can be expressed as
In addition, the density function, expectation and variance of T can be expressed as
The density function f(t) and the reliability function R(t) of T and can be expressed as [7] ( ) 
ILLUSTRATIVE EXAMPLES Experiment Introductions
An example is given to verify the method in section 2. In the experiment, m fuel servo-valves from a certain batch of product were chosen randomly. Then measure the value of the output current for different referential current. t i (i = 1,2,...,n)years later, select n i (i = 1,2,...,n) products and measure the value again. Then we calculate the difference between the observed data before and after storage and regard it as degradation data. For convenient application, average the degradation data at each time point.
For the fuel servo valve, there are 25 performance degradation due to different referential current. In this paper, we choose the characteristics of 7-11 to evaluate the reliability. The value of the referential current is 110mA, which is more commonly used. Moreover, the degradation data of characteristic 7-11 has obvious degradation trend, so it is convenient to calculate.
The degradation data of fuel servo-valves is listed in Table 1 . The relationship between degeneration and the storage time is plotted in Fig.1 . As can be seen from this figure, for the characteristics of 7-11, the degradation presents ascendant trend with the storage time increasing. Therefore, the upper bound ( ) 100 ≤ t X should be chosen when selecting thresholds for this characteristic. The failure threshold l is 1. Figure 1 . Relationship between degeneration and the storage time.
Experimental Analysis
Based on the section 2, wiener process model can be established as
The results of parameter estimation and the value of AIC at different ( ) t Λ are shown in Table 2 . 
So the product will not fail, that is ( )
. reliability function, expectation and variance of T can be expressed as 
In the time-scale ( )
. According to the formula for average life ( ) ( )
, The average life is 16.4532, its variance is 17.006 [14] .
we set R(t) equal to 0. Fig. 2 . 
CONCLUSION
In this paper, we propose a method to predict the reliability and life of the fuel servo-valve. For fuel servo-valve, due to destructive test, there is only one data per product. Because the degradation measurement is destructive, the random initial degradation value is a critical problem. In this paper, we assume that the initial value is random variables which obey normal distribution. This assumption fully consider the characteristics of fuel servo-valve. In section 3, we verify this model by an example, and it is proved that the calculation result is reasonable and practical.
